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(g) Method of assigning radio communication channels to each of a plurality of mobile stations. 



@ In a method of assigning a mobile radio commu- 
nication channel, a plurality of mobile stations (21, 
22) and a plurality of base stations (19. 20) constitut- 
^ ing communication zones are distributed in a service 
^ area. The mobile stations are connected to the base 
stations for communication. A radio communication 
channel which meets the following first and second 
^ conditions is selected and assigned. The first con- 
Q dition is that a reception electric field level of com- 
(V) munication between the mobile station (21, 22) and 
^ the base station (19, 20) which are connected for 
Q communication belongs to a channel group which 
satisfies a lower limit value. The second condition is 
that when the radio communication channel is used 



for communication connection, the ratio (D/U) of de- 
sired wave power to interference wave power satis- 
fies quality conditions. 
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® Method of assigning radio communication channels to each of a plurality of mobile stations. 



@ In a method of assigning a mobile radio commu- 
nication channel, a plurality of mobile stations (21, 
22) and a plurality of base stations (19, 20) constitut- 
ing communication zones are distributed in a service 
area. The mobile stations are connected to the base 
stations for communication. A radio communication 
channel which meets the following first and second 
conditions is selected and assigned. The first con- 
dition is that a reception electric field level of com- 



munication between the mobile station (21, 22) and 
the base station (19, 20) which are connected for 
communication belongs to a channel group which 
satisfies a lower limit value. The second condition is 
that when the radio communication channel is used 
for communication connection, the ratio (D/U) of de- 
sired wave power to interference wave power satis- 
fies quality conditions. 
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METHOD OF ASSIGNING RADIO COMMUNICATION CHANNELS TO EACH OF A PLURALITY OF MOBILE 

STATIONS 



The present invention relates to a method of 
assigning radio communication channels to each of 
a plurality of mobile stations, in which method a 
dispersed control system is employed in a dy- 
namic channel assignment system. 

In a mobile radio system, conventional channel 
assignment methods include a fixed channel as- 
signment method, in which the assignment of all 
channels to radio zones is unchanged on a time 
basis, and a dynamic channel assignment method, 
in which channels to be assigned are changed on a 
time basis while the buffer zone is monitored by a 
central processing unit. 

According to the fixed channel assignment 
method, the following problem occurs: when a new 
call is generated in a radio zone where a mobile 
station is busy, only one channel is available; thus 
the new call is rendered ineffective. 

On the other hand, according to the dynamic 
channel assignment method, for example, when a 
new call is generated in a radio zone where a 
mobile station is busy, a channel, which is not used 
in a buffer zone for the radio zone, can be as- 
signed to the mobile station, thereby preventing the 
occurrence of an ineffective call and realizing flexi- 
ble re-use of frequencies. 

The dynamic channel assignment method is 
disclosed, for example, in Published Unexamined 
Japanese Patent Application No. 2-141036. Accord- 
ing to the method disclosed in this document, a 
control station for controlling base stations collects 
detailed information relating to the channels used 
by peripheral base stations. On the basis of the 
collected information, the channels are checked to 
select an optimal channel, thus realizing effective 
use of frequencies. This system is called a dy- 
namic central control system. In this prior art, how- 
ever, additional, control operations are required for 
assigning channels and to be transmitted among 
stations. This results in an increase in the system 
cost and in a delay of connection operation be- 
tween the mobile station and the base station. 
These are significant drawbacks in a mobile radio 
system wherein effective use of frequencies is im- 
portant. 

The object of. the present invention is to pro- 
vide a method of assigning radio communication 
channels to a plurality of mobile stations, which 
method employs a dispersed control system 
wherein drawbacks in a dynamic central control 
system are eliminated, the increase in the amount 
of control operations can be prevented, there is no 
need to transfer information for channel assignment 
control, and spatial frequency use efficiency can be 



enhanced. 

In order to achieve the above object, there is 
provided a method of assigning mobile radio com- 
munication channels to each of a plurality of mobile 
5 stations and each of a plurality of base stations 
arranged in a service area, said base stations con- 
stituting a radio zone where the base stations are 
connected to the mobile stations for communica- 
tion, wherein each of said base stations includes a 

10 plurality of radio communication channels used for 
communication between the base station and the 
mobile station, said radio communication channels 
being divided into a plurality of channel groups, 
each channel group having a predetermined lower 

75 limit value of a reception electric field level of a 
received signal, which lower limit value is neces- 
sary for communication between the mobile station 
and the base station, and a radio control channel 
used for transmission of control information at the 

20 time other than the communication time, said meth- 
od comprising: 

a first step of determining whether or not a 
reception electric field level for communication, 
which is found from a reception electric field level 

25 of a reception signal of said radio control channel 
between the mobile station issuing a communica- 
tion connection demand and the base station within 
the radio zone, belongs to a channel group which 
meets a predetermined lower limit value of the 

30 reception electric field level, thereby finding a radio 
communication channel to be assigned in response 
to the communication connection demand issued 
within the radio zone: 

a second step of determining whether or not 

35 said radio communication channel belongs to the 
channel group which meets the lower limit value of 
the reception electric field level for communication, 
arid satisfies a threshold of the ratio of desired 
wave power to interference wave power (D/U) when 

40 the communication connection demand is gener- 
ated; and 

a third step of assigning the radio communica- 
tion channel determined and selected in said first 
and second steps to the mobile station and the 

45 base station, the communication connection be- 
tween which is requested. 

According to this method, channel assignment 
control for enhancing spatial frequency use effi- 
ciency is carried out in a dispersed manner, so that 

50 the channel assignment is made in the base sta- 
tions in the respective radio zones. Thus, unlike the 
prior art, the present invention does not use a 
large-scale control apparatus for performing cen- 
tralized control, or a control circuit for collecting a 
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great deal of information. Therefore, an inexpensive 
mobile communication system with a large capac- 
ity can be provided. 

. This invention can be more fully understood 
from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which: 

Fig. 1 is a schematic view of a mobile radio 
^ system according to the present invention, wherein 
the same frequency is repeatedly used; 

Fig. 2 is a view for explaining a mobile radio 
system according to an embodiment of the inven- 
tion, wherein frequencies are repeatedly used be- 
tween two radio zones; 

Fig. 3 shows an example of the structure of a 
system for working a method of this invention of 
assigning radio channels; 

Figs. 4A to 4c are flowcharts for illustrating the 
steps of a method of assigning radio channels 
according to an embodiment of the invention; 

Fig. 5 is a flowchart for illustrating the steps of 
a method of assigning radio channels according to 
another embodiment of the invention; 

Fig. 6 shows an example of channel classifica- 
tion table used in the embodiment shown in Fig. 5; 
and 

Figs. 7A to 7C show simulated effects of the 
embodiments of the invention, as compared to the 
prior art. 

Embodiments of the present invention will now 
be described with reference to the accompanying 
drawings. 

Fig. 1 illustrates the mode in which the same 
frequency is repeatedly used in a mobile radio 
system. For the purpose of simplicity, Fig. 1 shows 
only three radio zones and two frequencies to be 
repeatedly used. In fact, a service area is fully 
occupied by radio zones, and more frequencies are 
repeatedly used. In Fig. 1, reference numerals 1, 2 
and 3 denote radio zones; 4, 5 and 6 radio base 
stations; 7 to 10 mobile stations; and 11 to 14 
communication connections between the base sta- 
tions and the corresponding mobile stations. The 
communication connections 11 and 13 are indi- 
cated by thicker lines than the communication con- 
nections 12 and 14, since the communication con- 
nections 11 and 13 have higher electric field levels 
of received signals because of better communica- 
tion conditions. 

The same frequencies may be used repeatedly 
for the communication connections 11 and 13 and 
the communication connections 12 and 14. respec- 
tively. Regarding the communication connections 
11 and 13 under better communication conditions, 
a high electric field level of a desired received 
wave can be obtained, and therefore the connec- 
tions 11 and 13 can withstand a high interference 
wave reception electric field level. A desirable ratio 



of a desired wave power to interference wave pow- 
er (hereinafter, called D/U) is obtained with a rep- 
etition use interval 15. On the other hand, regarding 
the communication connections 12 and 14 under 

5 undesirable communication conditions, in order to 
obtain a desirable D/U. it is necessary to lower the 
interference wave reception electric field level. 
Thus, the frequency can be repeated at the dis- 
tance 16. In other words, unless the distance is 

w made greater, the channel is influenced by the 
interference wave reception electric field level. Re- 
garding the communication connection of good 
quality, the frequency can be repeatedly used at 
less intervals, that is, such communication connec- 

75 tion can withstand the influence of the interference 
wave reception electric field level. Thus, taking into 
account the desired wave reception electric field 
level and the interference wave reception electric 
field level, a channel of a minimum use interval can 

20 be selected at the time of assigning channels, 
thereby enhancing the use efficiency of frequen- 
cies. 

The principle of the present invention, whereby 
the channel assignment control capable of enhanc- 

25 ing the frequency use efficiency can be combined 
with the distributed control at base stations, will 
now be described. 

In the channel assignment, in order to use one 
frequency repeatedly, it is imperative that no inter- 

30 ference occurs at all locations where there is a 
possibility of interference. This will now be ex- 
plained, with reference to Fig. 2 which illustrates 
the repeated use of a frequency between two com- 
munication points. Reference numerals 17 and 18 

35 denote radio zones; 19 and 20 radio base stations: 
21 and 22 mobile stations; 23 and 24 communica- 
tion connections; 25 and 26 incoming interference 
waves; and 27 to 30 regions of interference. For 
example, when a new channel is assigned to the 

40 communication connection 23 between the base 
station 19 of radio zone 17 and the mobile station 
21. it is necessary to confirm that a desired D/U is 
satisfied at al! regions 27 to 30. Accordingly, it is 
necessary to consider not only the zone 17 where 

45 the channel is assigned, but also peripheral the 
zone 18 where the same channel is used. Under 
the situation, in the prior art, there are proposed a 
so-called central control system, wherein a control 
station for controlling base stations collects all in- 

50 formation relating to the peripheral zone, and a 
system wherein information is transferred to the 
zone 17 to select a channel to be assigned. 

The present invention employs a dispersed 
system wherein a channel is assigned on the basis 

55 only of information obtained in the zone where the 
channel is to be assigned. This invention is char- 
acterized in that reception electric field level con- 
ditions for using channels are determined in ad- 
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vance to obtain an estimate of the quality of the 
communication using the channels. Thus, if it is 
confirmed that the reception electric field levels of 
the communications using the same channel within 
a system are equal to each other and that a pre- 
determined D/U is satisfied in the zone where the 
channel Is assigned (since the interference of one 
communication is closely related with that of an- 
other), the satisfactory quality of the communica- 
tion using the same channel in the peripheral zone 
is ensured with a fair probability. 

The above system will now be described in 
greater detail with use of Fig. 2, by referring to (i) 
the case where transmission power control is not 
performed, (ii) the case where transmission power 
control is performed, and (iii) the case where power 
transmission control is performed only in an up-link 
direction. 

The transmission power control includes an up- 
link power control and a down-link power control. In 
the up-Iink power control, a signal is transmitted 
from a mobile station to a base station to equalize 
the reception electric field levels of both station. In 
the down-link control, a signal is transmitted from 
the base station to the mobile station to reduce the 
power consumption of the mobile station. 

In Fig. 2, P and P' denote real transmission 
outputs [dB] of base stations 19 and 20, and p and 
p' denote real transmission outputs [dB] of mobile 
stations 21 and 22. The reception electric field 
level is found from a difference between the real 
transmission outputs and propagation losses LI to 
L4. And the D/U is found from a difference between 
the desired wave electric field level and the inter- 
ference wave electric field level. 

The D/U 1 to D/U 4 at the interference occur- 
rence regions 27 to 30 are obtained by the follow- 
ing equations: 

Interference Region 27: D/U1 = (p-L1)-(p'-L3) 
Interference Region 28: D/U2 = (P-L1 )-(P'-L4) 
Interference Region 29: D/U3 = (p'-L2)-(p-L4) 
Interference Region 30: D/U4 = (P'-L2)-(P-L3) 
As stated above, in the present invention, the 
same frequency is used under the same commu- 
nication conditions. Thus, the relationship, L1 = L2, 
is established. 

i) Case where transmission power control is not 
performed: 

From P = P' and p = p', 
D/U1 = , L3-L1 = D/U4 
D/U2 = L4-L1 = D/U3 
D/U3 5=; L4-L2 ^ D/U2 
D/U4 5= L3-L2 ^, D/U1 

Therefore, the D/U of interference region 27 is 
equal to that of interference region 30, and the D/U 
of interference region 28 is equal to that of interfer- 
ence region 29. 

ii) Case where transmission power control is 



performed: 

Since the transmission power control is per- 
formed so as to make the reception level constant, 
it is found that from P-L1 = P'-L2 and p-LI p'- 
5 L2. 

D/U1 ^ L3-L2 = D/U4 

D/U2 = L4-L2 = D/y3 

D/U3 = L4-L1 = D/U2 

D/U4 ^ L3-L1 = D/U1 
70 Therefore, the D/U of interference region 27 is 

equal to that of interference region 30, and the D/U 
of interference region 28 is equal to that of interfer- 
ence region 29. 

iii) Case where power transmission control is 
75 performed only in the up-link direction: 

from P *== P' and p-LI = p'-L2, 

D/U1 = L3-L2 = D/U4 

D/U2 = L4-L1 M D/U3 

D/U3 = L4-L1 = D/U2 
20 D/U4 = L3-L2 D/U1 

Therefore, the D/U of interference region 27 is 
equal to that of interference region 30, and the D/U 
of interference region 28 is equal to that of interfer- 
ence region 29. 
25 In each case, the D/U of the zone 18 is equal 

to that of the zone 17. Thus, when it is confirmed 
that a predetermined D/U is met in the zone 17, the 
quality of an assigned channel is ensured in other 
zones, too. 

30 In the above embodiment, since the simple 

model with two communications is employed under 
simplified conditions, the D/Us of the two commu- 
nications are substantially equal. By contrast, an 
actual system is not necessarily operated under 

35 ideal conditions, and therefore the D/Us are not 
always equal. However, where the channel is used 
under the same conditions in the respective com- 
munications, the D/Us have high correlation. If a 
given margin is provided in the desired D/U and an 

40 assigned channel is selected, it becomes possible 
to meet predetermined conditions in the peripheral 
zone with a sufficiently high possibility. 

Fig. 3 shows an example of the structure of a 
system for working a method of assigning radio 

45 channels, according to an embodiment of the 
present invention. In Fig. 3, reference numerals 31. 
32 and 33 denote radio zones; 34, 35 and 36 
mobile stations; 37 a control radio unit of a base 
station; 38, 39 and 40 communication radio units of 

50 the base station; and 41 a base station control unit. 
All radio communication channels are divided into a 
plurality of channel groups. Each channel group 
has an assigned lower limit value of a reception 
electric field level necessary for communication. If 

55 a reception level is the lower limit value or higher, 
communication is allowed with the channels of the 
group. Prior to communication connection, control 
information is transmitted between the base station 
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and the mobile station via a radio communication 
channel, which channel is selected and assigned 
by the control unit. 

In the above-described system of this inven- 
tion, the radio communication channel is assigned 
according to the steps shown in Figs. 4A to 4C. 
That is, the channel assignment is carried out 
through the process including the steps of Fig. 4A 
of determining whether or not a communication 
reception electric field level belongs to a channel 
group capable of meeting the lower limit value of a 
predetermined reception electric field level; the 
steps of Fig. 4B of determining whether or not the 
D/U of the present radio communication channel 
satisfies a predetermined threshold; and the steps 
of . Fig. 4C of assigning the radio communication 
channel selected by the above steps as a channel 
between the mobile station, which demands com- 
munication connection, and the base station. 

The steps of Figs. 4A to 4C will now be de- 
scribed in detail. 

In Fig. 4A, when a communication connection 
demand is generated between a mobile station and 
a base station in a standby mode (S1), a radio 
control channel reception electric field level Rc of a 
control signal from the mobile station is measured 
by the control radio unit (Si A). A desired wave 
reception electric field level Rt for communication 
between the mobile station and the base station is 
estimated on the basis of the radio reception elec- 
tric field level Rc of the radio control channel 
(S1 B). The control unit receives the reception elec- 
tric field level Rt and selects the channel group 
having the lowest one of the lower limit values 
which meet the condition (S1C). 

In Fig. 4B, one or more candidate channels, 
which meet a predetermined D/U, are searched 
from among the previously selected channel group 
(S2A), and the presence/absence of such candidate 
channels is determined (S2B). When it is found as 
a result of the search that there is no candidate 
channel, it is determined whether there is a can- 
didate channel in the lowest rank group (S2C). If 
the group includes no channel which satisfies the 
threshold, a channel group one rank below is se- 
lected (S2D). Once again, a candidate channel is 
selected from among this group. If the assignment 
candidate channel is selected, the D/U value is 
detected on the basis of the reception electric field 
level (D-wave level) and the interference wave re- 
ception electric field level (U-wave level) (S2E). It is 
theri determined whether or not the D/U value 
meets a predetermined threshold (S2F). The radio 
communication channel, which has been deter- 
mined to meet the threshold, is assigned as a 
channel between the mobile station and the base 
station, as shown in Fig. 4C (S2G). 

Next, another embodiment of the invention. 



wherein the assignment channel group Is selected 
according to a channel classification table, will now 
be described with reference to Figs. 5 and 6. The 
flowchart of Fig. 5 corresponds to the system 
5 structure shown in Fig. 3. 

At the standby time, in the base station, a 
channel which is assigned to the system and is not 
used is set in a non-busy communication radio unit 
38. The radio unit 38 detects a reception electric 

10 field level (Si) and tells the detected level to the 
control unit 41 . This electric field level corresponds 
to the ascending interference wave reception elec- 
tric field level ("U" = level) from the mobile station 
34 (36) in the peripheral radio zone 32 (33) where 

15 the same channel is used. In accordance with this 
level, the control unit 41 classifies the channels 
(S2). Fig. 6 shows an example of a classification 
table. In Fig. 6, the ordinate indicates channel 
groups, and the abscissa indicates an ascending 

20 interference wave reception electric field level. 
Symbols #1 to #5 denote group numbers, t1 to 15 
denote lower limit values of reception electric field 
levels of channels of the respective groups, and 
thick lines denote thresholds of interference wave 

25 reception electric field levels which satisfy a pre- 
determined D/U with respect to channel groups #1, 
#3 and #4. The thresholds differ among the chan- 
nel groups. Regarding the channel group #3, chan- 
nels f1 and f2 meet predetermined D/U but channel 

30 f3 fails to meet the D/U. 

When a communication connection demand is 
generated between the mobile station 35 and the 
base station, a desired wave reception electric field 
level for communication between the mobile station 

35 35 and the base station is estimated on the basis 
of a reception electric field level (i.e. D-wave level) 
in the control radio unit 37 corresponding to a 
control channel of a control signal delivered from 
the mobile station 35. and the estimated level is 

40 told to the control unit 41 . 

The control unit 41 refers to the channel clas- 
sification table of Fig. 6. on the basis of the recep- 
tion electric field level. The control unit 41 selects a 
channel group having a lowest lower limit value of 

45 the satisfactory lower limits, as a group from which 
a channel is selected (S3). In other words, a chan- 
nel group having a least allowance of the reception 
electric field level is selected. One or more of the 
channels within the group, which meets the thresh- 

50 old of the predetermined D/U. are selected as 
candidate channels to be assigned (S4. S5 and 
86). If there is no channel which meets the thresh- 
old, a candidate channel is selected from a channel 
group one rank below, which has a little allowance 

55 of the reception electric field level (S7). The se- 
lected candidate channel to be assigned is told to 
the mobile station 35 via a radio control channel. 
The mobile station 35 once changes the radio 
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control channel to the selected candidate channel, 
and the reception electric fieid level is detected. 
Since this channel is not used by the nnobile sta- 
tion, the reception electric field level corresponds 
to the interference wave reception electric field 5 
level (i.e. U-wave level) of the interference wave 
from the communication radio units 39 and 40 of 
the base stations in the peripheral zones 32 and 33 
where the same channel is used. Similarly, this 
interference wave reception electric field level is 10 
told to the base station via the radio control chan- 
nel. The control unit 41 confirms whether the down- 
link D/U is met (88). Finally, one channel is se- 
lected and assigned (S9). 

In the above embodiment, various algorisms 75 
are performed in the process of finding the can- 
didate channels on the basis of the channel clas- 
sification table, and in the process of confirming 
the down-link D/U in the mobile station and select- 
ing the channel to be assigned. For example, it is 20 
possible to select predetermined conditions from 
ones with a small allowance or from ones with a 
large allowance, to determine the number of can- 
didate channels, and to determine whether reselec- 
tion should be done. In this invention, various 25 
choices are possible. 

The above-described embodiments are only 
examples for describing the invention. The subject 
matter of the invention is not limited to the above 
embodiment. This invention is applicable to other 30 
D/U detection methods. Even if both the up-link 
and down-link D/Us are not confirmed, if either one 
is confirmed, this invention can be realized, though 
the frequency use efficiency is lowered. In this 
case, an appropriate margin is added to a predeter- 35 
mined D/U to compensate the quality of the other 
D/U. 

As has been described above, this invention is 
applicable when the transmission power control is 
performed. In this case, the transmission power is 4q 
controlled so that the reception electric field level 
takes its lower limit value in each channel group. 

Figs. 7A to 70 show simulated effects of the 
embodiments of the invention. Fig. 7A shows an 
ineffective call rate and a peripheral interference 45 
rate in the case where a conventional fixed channel 
arrangement is employed. Fig. 7B shows the same 
in the case where a conventional dynamic channel 
arrangement is employed, and Fig. 7C shows the 
same in the case of the present invention. In Figs. 50 
7B and 7C, dynamic channel assignment is carried 
out with respect to all channels assigned to the 
system. In Fig. 7B. though the interference rate is 
increased, the interference rate is lowered by the 
techniques of the embodiments. In addition, the 55 
ineffective call rate lowers, compared to the con- 
ventional fixed channel arrangement. 
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Claims 

1. A method of assigning mobile radio commu- 
nication channels to a plurality of mobile sta- 
tions (21, 22) and a plurality of base stations 
(19, 20) arranged in a service area, said base 
stations constituting a radio zone where the 
base stations are connected to the mobile sta- 
tions for communication, wherein each of said 
base stations includes a plurality of radio com- 
munication channels used for communication 
between the base station and the mobile sta- 
tion, said radio communication channels being 
divided into a plurality of channel groups, each 
channel group having a predetermined lower 
limit value of a reception electric field level of a 
received signal, which lower limit value is nec- 
essary for communication between the mobile 
station and the base station, and a radio con- 
trol channel used for transmission of control 
information at the time other than the commu- 
nication time, said method is characterized by: 
a first step of determining whether or not a 
reception electric field level for communication, 
which is found from a reception electric field 
level of a reception signal of said radio control 
channel between the mobile station (21, 22) 
issuing a communication connection demand 
and the base station (19. 20) within the radio 
zone, belongs to a channel group which meets 
a predetermined lower limit value of the recep- 
tion electric field level, thereby finding a radio 
communication channel to be assigned in re- 
sponse to the communication connection de- 
mand issued within the radio zone; 

a second step of determining whether or 
not said radio communication channel belongs 
to the channel group which meets the lower 
limit value of the reception electric field level 
for communication, and satisfies a threshold of 
the ratio of desired wave power to interference 
wave power (D/U) when the communication 
connection demand is generated; and 

a third step of assigning the radio commu- 
nication channel determined and selected in 
said first and second steps to the mobile sta- 
tion and the base station, the communication 
connection between which is requested. 

2. The method according to claim 1, character- 
ized in that said ratio of desired wave power to 
interference wave power (D/U) is obtained on 
the basis of a difference between a desired 
wave reception electric field level and an inter- 
ference wave reception electric field level, said 
estimated wave reception electric field level 
being obtained from the reception electric field 
level of the radio control channel, and said 
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interference wave reception electric field level 
being obtained from the reception electric fieid 
level of the radio communication channel mea- 
sured in the non-used state. 
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